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POLYISOCYANIDES II1. 
Kinetics and mechanism of the polymerization
BY
R. J. M. NOLTE and W. D REN TH
(Laboratory for Organic Chemistry of the University, Croesestraat 79, Utrecht,
The Netherlands)
The kinetics of polymerization of various isocyanides by nickel(II) compounds 
has been studied. The data suggest that reaction occurs by means of successive 
isocyanide insertions at a positive nickel centre.
Introduction
Polymerization of isocyanides to poly-Schiff bases has been achieved 
mainly with cationic catalysts or acid coated glass systems2. Less 
attention has been paid to the coordination polymerization by metal 
complexes3,4. Although suggestions for a mechanism for the different 
types of polymerization have been made4,5,6 no kinetic study has been 
published.
Recently1 we reported on the polymerization of isocyanides by 
nickel(II) compounds. The present paper deals with the kinetics and 
mechanism of this reaction7.
Results
Catalysis by N i(A cac ) 2. Polymerization of isocyanide by nickel acetyl- 
acetonate, Ni(Acac)2, is very slow in benzene, toluene or dioxane
1 Part I: R. J. M. Nolte, R. W. Stephany and W. Drenth, Reel. Trav. Chim. Pays-Bas 
92, 83 (1973).
2 F. Millich, Chem. Rev. 72, 101 (1972).
3 Y. Yamamoto, T. Takizawa and N. Hagihara, Nippon Kagaku Zasshi 87, 1355 
(1966).
4 S. Otsuka, A. Nakamura and T. Yoshida, J. Amer. Chem. Soc. 91, 7196 (1969).
5 S. Iwatsuki, K. Ito and Y. Yamashita, Kogyo Kagaku Zasshi 70, 1822 (1967). 
ö F. Millich and R. G. Sinclair, J. Polymer Sci. A-l, 6, 1417 (1968).
Details in: R. J. M. Nolte, Thesis, Utrecht (1973).
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requiring reaction temperatures above 100°C. In these solvents as well 
as in chloroform the rate of polymerization is independent of monomer 
concentration up to high conversions. In contrast, the polymerization 
in a polar solvent is fast and the order in monomer varies according to 
the initial isocyanide-catalyst ratio. E.g. in case of isopropyl isocyanide in 
sec-butanol a first order dependence of the rate of polymerization on 
monomer concentration is found if the isocyanide-catalyst ratio is 
between approximately 80 and 800. If the ratio exceeds 800 the order in 
monomer approaches zero. A ratio below 80 gives rise to an order of 
two.
The dependence of the rate of polymerization on catalyst concentra­
tion was examined for three isocyanides. The rate constants are sum­
marized in Table I. From these data the following empirical rate 
equations can be derived (v in mol.l-  x.s~ concentrations in mol.l-1 ).
T able  I
Rate constants for the polymerization of isocyanides by nickel acetylacetonate
in different solvents.
Ethyl isocyanide in 
chloroform at 39.9°Ca
/m-Butyl isocyanide in 
dioxane at 150.0°Cb
Isopropyl isocyanide in 
sec-butanol at 30.00°CC
[Cat] x 102 k 0 x 105 [Cat] x 102 k Q x 105 [Cat] x 103 X N-A o L
h
mol.l" 1 mol.l" l .s~ 1 mol.l- 1 mol.l“ l .s~ 1 m o l. l"1 S 1
0 0 0 0 0 0
1.26 6.5 0.790 0.783 1.04 3.64
2.84 8.5 3.16 6.12 1.91 4.70
4.72 13 4.73 11.2 2.55 4.90
10.2 20 6.95 18.8 3.30 5.44
7.94 25.0 4.64 6.27
6.40 7.06
10.7 8.88
• Initial [C 2H 5NC] 2.5 m o l . l '1 
b Initial [/-C4H 9NC] 2.0 m o l. l"1 
c Initial [i-C3H 7NC] 0.87 m o l . l '1.
Ethyl isocyanide in chloroform at 39.9°C
v =  (6.23 ±  0.4) x 10~4[Ni(Acac)2] ° '5.
ieri-Butyl isocyanide in dioxane at 150.0°C
v =  (1.08 ±  0.03) x 10_2[Ni(Acac)2] 1,5.
Isopropyl isocyanide in rec-butanol at 30.00°C
v =  fc,[RNC] [1]
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A plot of k x of the last reaction against [Ni(Acac)2] 0-5 is linear and 
has a slope of (7.21 ±  0.2) x  10~4 I0,5.mol_0,5.s_ l . This plot does not 
pass the zero point because at low concentrations of catalyst the first 
order dependence in monomer is lost.
Polymerization of isocyanide by Ni(Acac)2 is accelerated by acid1. 
The influence of the concentration of trichloroacetic acid was investi­
gated quantitatively for the polymerization of isopropyl isocyanide in 
seobutanol at 30.00°C. The concentration of Ni(Acac)3 was kept con­
stant at a value of 6.40 x  10-3 mol.l" 1: the initial concentration of iso­
cyanide amounted to 0.87 mol.l-1 . As mentioned above, the rate is 
first order in isocyanide under these conditions. Increasing concentra­
tions of trichloroacetic acid not only increased the rate of polymerization 
but also caused a gradual change from first order behaviour in monomer 
to second order behaviour. This change of order is not a consequence of 
some acid-catalysed side reaction because the monomer was still being 
converted quantitatively into polymer. Rate constants were calculated 
by assuming the following rate equation for the concentration range 
investigated.
d[R N C]
dt
A'^RNC] + /c2[RNC]
This equation integrates to
1 k l +  * 2[R N C ]0 k 2
exp(A-,t) -  — [2]
[RNCJ A-,[RNC]0 KV 1 '  k l
[R N C ]0 represents the initial isocyanide concentration. The constant k l 
is supposed to be equal to the rate constant for reaction without acid; 
k x 7.12 x  10“ 5s~ 1. Consequently, k 2 can be obtained from the slope 
and from the intercept of a plot of 1/[RNC] versus e x p R a t e  
constants calculated both ways agreed within experimental error. 
The average values are given in Table II. These values of k 2 are propor­
tional to the concentration of acid k-> =  Ar(Cl3CCOOH) x  [Cl3C C O O H ]; 
A:(Cl3CCOOH) 0.19 ±  0.01 P . m o P ^ s " 1. *
Catalysis by N iC l2 and N i(C 104) 2. Anhydrous nickel dichloride is 
practically unsoluble in ethanol. Therefore the complex8 NiCl2(C2 H5OH)
M R. W. Stephany , R. J. M. Nolte  a n d  W. Drenth , Reel.  T ra v .  Chim. P ay s -B a s  92, 275 
(1973).
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T ab le  II
Influence of trichloroacetic acid on the rate of polymerization 
of isopropyl isocyanide by nickel(II)- compounds at 30.00°C.
[CI3CCOOH] X 103 
mol.l- 1.
Ni(Acac)2a l b
k 2 x 104, 
l.mol" l . s ~ l .
^ 2
l.mol l .s l.
0 0 0.273
0.416 0.310
1.00 1.52
2.11 3.62
2.79 4.73
3.35 0.246
3.72 6.90
9.25 • 0.213
a In ^c-bu tano l;  k 2 was calculated from eq. [2] with k { 7.12 x 10 5 s \  estimated
error 5%; [Ni(Acac)2] 6.40 x 10"3 mol.l” 1; initial [i-C3H 7NC] 0.87 m o l. l"1. 
b In ethanol; 1 =  NiCl2(C 2H 5OH)(/-C4H 9NC); [1] 2.20 x 10~4 m o l. l"1; initial
[i-C3H 7NC] 0.87 m o l.l"1.
(r-C4H 9NC), 1, was used as the actual catalyst. With excess isocyanide 
both NiCl2 and 1 are converted into NiCl2(RNC)4, 2 . Compounds 2 
are very unstable both as a solid and in solution, because of a rapid 
polymerization of the ligand. Its existence in ethanolic solutions could 
be proved in case of tert-buty\ isocyanide, which shows a low rate of 
polymerization7.
The rate of polymerization of isopropyl isocyanide by 1 was measured 
in ethanol at 30.00°C. The reaction was first order in monomer to a high 
degree of accuracy. In contrast to the behaviour of Ni(Acac)2 the order 
in isocyanide did not vary on changing the concentration of the catalyst. 
The first order rate constant was proportional to the concentration of 
catalyst, the reaction showing an overall second order behaviour 
(Table III). This second order rate constant for catalysis by 1 is k 2{ 1)
0.273 ±  0.015 l .m o P ^ s -1 at 30.00°C.
Polymerization of isopropyl isocyanide by 1 was not accelerated by 
trichloroacetic acid. The value of k 2{ 1) slightly decreases with increasing 
acid concentration (Table II).
Rates of polymerization of isopropyl isocyanide by 1 in ethanol were 
measured at different temperatures. The enthalpy and entropy of acti­
vation are A H *  61.4 +  4 kJ.mol" 1 and A S *  — 54 ±  13 J.m ol-1 .K _1, 
respectively.
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T able  III
Rate constants for the polymerization of isopropyl isocyanide 
b y P  and by nickel(II) perchlorateb at 30.00°C.
[1] X 104 
mol.l- 1
k x x 105
s " 1
[Ni(C104)2] x 103 
mol.l 1
k Q x 105 
mol.l- l . s~ 1
0 0 0 0
1.82 5.81 0.406 1.53
3.47 10.2 4.07 2.15
7.23 17.6 14.2 2.09
9.05 22.7 27.2 2.59
12.2 31.5 41.4 2.71
a In ethanol; 1 =  NiCl2(C2H 5OH)(/-C4H 9NC); initial [i-C3H 7NC] 0.87 m o l. l"1. 
b In scr-butanol; for the range 0-60%  conversion; initial [i-C3H 7NC] 0.87 mol.l- 1 .
The rate of polymerization of isopropyl isocyanide by Ni(C104)2.6H20  
was measured in ^c-butanol at 30.00°C. The reaction was zero order 
in monomer up to approximately 60% conversion. In this region the 
concentration of nickel perchlorate affected the rate relatively little 
(Table III). Strangely enough, after approximately 60% conversion the 
rate of polymerization increased rapidly, becoming roughly inversely 
proportional to the concentration of monomer.
During polymerization of isopropyl isocyanide by nickel perchlorate 
a yellow solid was precipitated from the reaction mixture simultaneously 
with the polyisocyanide polymer. The compound was identified7,9 as the 
complex Ni(C104)2(i-C3H 7NC)4, 3.
Substituents effects. Various isocyanides were polymerized by 
Ni(Acac)2 in seobutanol and by 1 in ethanol at 30.00°C. The results are 
summarized in Table IV. The following features have been observed.
i. The reactions are first order in monomer except for polymerization 
of cyclohexyl isocyanide and phenyl isocyanide by Ni(Acac)2. Under 
the experimental conditions these isocyanides show zero and second 
order behaviour in monomer, respectively.
ii. With some combinations of isocyanide and catalyst induction 
periods are observed.
R. W. Stephany and W. Drenth, Reel. Trav. Chim. Pays-Bas 91. 1453 (1972).
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Table i
First order rate constants for the polymerization of isocyanides, RNC,
by nickel(II)- compounds at 30.00°C.
R
Ni(Acac)2a l b
k x x 105, s_1 k x x 105, s "1
c h 3 0.810 ~8f
c 2h 5 7.01° 35.7C
n-C4H 9 8.24 57.1
i-C4H 9 9.71 60.4
i-C3H 7 7.06 12.4
5-C4H9 5.98 10.2
c-C6H u d 4.39
CH3CH(C6H 5) 2.58 1.67°
/-c 4h 9 0.00 0.0011
c 6h 5 e • 21.6C
p -c h 3o c 6h 4 3.70 5.3g
p-c h 3c 6h 4 r 8.5
p-c ic 6h 4 r 608
a In .wr-butanol; [Ni(Acac)2] 6.40 x 10 3 mol.l 1; initial [RNC] 0.9 mol.l '. 
b In ethanol; 1 = NiCl2(C2H 5OHX/-C4H9NC); [1] 4.54 x 10~4 m ol.l"1; initial 
[RNC] 0.9 m ol.l"1. 
c Induction period observed. 
d Reaction zero order in cyclohexyl isocyanide. 
c Reaction second order in phenyl isocyanide.
f Polymerization is inhibited after a short time. No reliable rate constant can be cal­
culated.
8 Polymerization slows down after 40-50% conversion. The rate constant is calculated 
from initial data.
iii. With some isocyanides, especially aromatic ones, the rate of poly­
merization slows down or becomes negligible shortly after initiation. 
The induction period and low rate of polymerization probably arise 
from an inactivation of the catalyst7.
With the exception of methyl isocyanide there is a linear relationship 
between log /:1(Ni(Acac)2) and log /^(l) for the various isocyanides. 
This indicates similar reaction mechanisms for both catalysts.
The rate data of Table IV were analyzed in terms of the Hammett and 
Taft equations10. A plot of log /^ (l) versus Hammett a constants for
10 J. Shorter, Quart. Rev. 24, 433 (1970).
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the /?ara-substituted phenyl isocyanides is linear with p 2.15 ± 0.06, 
correlation coefficient 0.99. The relationships between log of the 
various isocyanides, except the substituted aromatic ones, and the Taft 
polar and steric parameters, and Es R, were determined by regression 
analysis11. The following equations represent the best fit of data*
Ni(Acac)2 log ¿ ,(R ) =  -(1.08 ± 0.07) + (0.203 ± 0.005) EsR -  (4.221 ± 0.004)
correlation coefficient 0.98
N iC l2 log * j(R ) = -(1.83 ± 0.5) ag + (0.84 ± 0.06) ES>R - (3.59 ± 0.02)
correlation coefficient 0.86
Discussion
Nickel acetylacetonate is trimeric in the solid state13 as well as in non- 
donor solvents14-16. In this trimeric structure the nickel atom is sur­
rounded by six oxygen atoms in a slightly distorted octahedron13. In 
coordinating solvents nickel acetylacetonate is monomeric14.
In sec-butanol both isocyanide and solvent compete for coordination 
to nickel. Therefore, an equilibrium will be present
Ni(Acac)2S2 <—  f Ni(Acac)2S(RNC) <— ^  Ni(Acac)2(RN C )2 ----* polymerization
S S
6
S 5ec-butanol
Compound 6 has been isolated previously1. At very low concentrations 
of isocyanide the nickel is mainly present as 4 and two molecules of 
RNC have to enter in order to start polymerization. At higher isocyanide 
concentrations the equilibrium shifts to 5 and to 6 , giving rise to lower
* Methyl isocyanide, isobutyl isocyanide and /er/-butyl isocyanide are omitted in the 
calculations. For phenyl isocyanide the value12 of Es 1.24 is used, which gives the best 
results.
11 W. A. Pavelich and R. W. Taft, J. Amer. Chem. Soc. 79, 4935 (1957).
12 R. W. Taft in “Steric Effects in Organic Chemistry”, M. Newman Ed., Wiley, New 
York (1956). p. 598.
13 G. J. Bui ten, R. Mason and P. Pauling, Inorg. Chem. 4, 456 (1965).
14 F. A. Cotton and J. P. Fackler, J. Amer. Chem. Soc. 83, 2818 (1961).
13 D. P. Graddon and E. C. Watton, Nature 190, 906 (1961).
1(1 A. Choplin-Gast and R. Huge I, J. Inorg. Nucl. Chem. 34, 2595 (1972).
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orders in isocyanide. In the presence of trichloroacetic acid this species 
also competes for the ligand positions and the shift to lower order 
occurs at higher isocyanide concentrations. From rate equation [1] it 
follows that the actual polymerization catalyst is not a complex such as 6 . 
The half power in catalyst concentration suggests that the catalytic 
species is a dissociation product. A conceivable dissociation is
Ni(Acac)2(RNC ) 2 <____ :> Ni(Acac)(RNC)f + Acac6
Radical fission of a ligand, as has been found for other polymerizations 
with metal acetylacetonates17, is less likely because radicals just like 
anions fail to polymerize isocyanides2.
In the more weakly coordinating18 dioxane, monomeric and trimeric 
nickel acetylacetonate will be in equilibrium. Apparently, in this solvent 
the catalyst is a dissociation product of the trimer
N i3(Acac)6(RNC)n <___ > N i3(Acac)5(RNC)® + Acac6 [3]
If the trimer is the predominant species in solution, dissociation according 
to [3] gives rise to a half power in nickel acetylacetonate concentration 
in the rate equation. This behaviour will probably be found in chloro­
form, which is a non-donor solvent.
Support for the ionic dissociation mechanism is afforded by the sol­
vent effect on the polymerization, on which we reported earlier1. In 
polar solvents the reaction proceeds much faster than in benzene, 
toluene and dioxane. Support also comes from the fact that polymeriza­
tion by Ni(Acac) 2 is accelerated by acid.
Dissociation of acetylacetone anion from its metal complex is known 
to occur by steps19. One end of the chelate dissociates fast and the 
remaining metal oxygen bond is broken slowly. Dissociation is ac­
celerated by mechanisms, which are called “solvent path” and “acid 
path” . In the former case solvent molecules add to the vacant coordina­
tion side on the metal and prevent reclosing of the half opened chelate. 
In the latter case recombination is prevented by protons which trap the
1 K. Kaeriyama, Bull. Chem. Soc. Japan 43, 1511 (1970).
18 L. S. Frankel, I. R. Stengle and C. H. Langford, Can. J. Chem. 46, 3183 (1968).
19 F. Basolo and R. G. Pearson, Mechanism of Inorganic Reactions. 2nd edn., Wiley, 
New York (1967), p. 219.
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free end of the chelate. Both mechanisms find expression in the kinetic 
equation2021
Rate = kx[complex] + /c2[complex] [acid].
This equation is similar to the one we observed for the polymerization 
of isopropyl isocyanide by Ni(Acac) 2 in the presence of trichloroacetic 
acid.
Further support for a mechanism involving ionic dissociation of a 
Ni(Acac) 2 complex is afforded by the kinetic results of the experiments 
with nickel chloride. In catalysis by the latter compound neither a half 
power in catalyst concentration, nor a dependence of the rate of poly­
merization on concentration of trichloroacetic acid is found. The data 
suggest that the active catalyst is compound 2 , which is probably 
sufficiently cationic to start polymerization7.
On account of its even more ionic character Ni(C104) 2 is expectc J to 
have a higher catalytic activity than N iCl2. Just the reverse was found. 
The most reasonable explanation for this behaviour is the low solubility 
of the complex Ni(C104)2(RNC ) 4 in the reaction medium. During poly­
merization solid 3 is in equilibrium with dissolved 3, which in turn 
equilibrates with its various dissociation products
Ni(C104)2(RNC)4 <____> Ni(C104)2(RNC)4 < > Ni(C104)2(RNC)3 + RNC
3 solid dissolved
*2
Ni(C104)2(RNC)3 <= -.-> Ni(C104)2(RNC)2 + RNC
When the concentration of isocyanide decreases more solid 3 will 
dissolve through displacement of the equilibria to the right. The gradual 
dissolution of 3 has a rate accelerating effect on the polymerization. 
Assuming v = k[Ni] [RNC] to be the actual rate equation and substi­
tuting for [Ni] the total concentrations of dissolved 3 and its first two 
dissociation products the rate equation becomes (S solubility of 3)
V =  *(Ni(C104)2) 5  | [RNC] + Kt | [4]
2u R. G. Pearson and D. A. Johnson, J. Amer. Chem. Soc. 86, 3983 (1964).
21 K. Saito et al., Bull. Chem. Soc. Japan 42, 3184, 3462 (1969); 45, 2472 (1972).
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Equation [4] accounts for both the independence of polymerization 
rate on Ni(C104) 2 concentration and the low and changing order in 
monomer; the latter because the terms between braces gain import­
ance from left to right during polymerization.
Zero valent dicobalt octacarbonyl is equally effective as a catalyst in 
the polymerization of isocyanides as Ni(Acac)21. This behaviour is not 
in contrast with the cationic mechanism above. On treating the former 
compound with isocyanides it is converted into the 1 : 1  electrolyte22
[Co(RNC)5] ® [Co(CO)4] e .
Isocyanides as ligands in metal complexes have been compared with 
carbon monoxide22. Both compounds have comparable electronic 
structures. Insertions of carbon monoxide into metal-carbon bonds are 
known and have been studied extensively23. Recently, similar reactions 
have been found for isocyanide complexes24. Even successive insertions 
of isocyanide molecules have been reported, a behaviour not observed 
for carbonyl compounds. These findings suggest that the polymerization 
of isocyanides by nickel(II) involves an insertion mechanism at the 
nickel atom. An insertion mechanism has also been proposed by 
Otsuka4,24 for the polymerization of tert-butyl isocyanide by a complex 
formed by alkylation of Ni(r-C4H 9NC ) 4 with methyl iodide.
A general scheme for isocyanide insertion reactions has been presented 
by Loew25; it is based on a quantum chemical study of hydrogen iso­
cyanide. Adopting this scheme the polymerization might be depicted as 
follows.
In the propagation stage of the reaction the polymer chain is attached 
to the positive nickel centre. Coordination of a new monomer to the 
catalyst is initiated by an attack of the isocyanide carbon lone pair on 
nickel. As bond formation proceeds electron density will flow via nickel 
towards the metal-polymer bond. This facilitates a nucleophilic attack
2 2  L. Malaiesta and F. Boriati, Isocyanide complexes of Metals, Wiley, London (1969).
23 F. Calderazzo and K. Noack, Coord. Chem. Rev. 1, 118 (1966).
24 Y. Yamamoto and H. Yamazaki, Coord. Chem. Rev. 8, 225 (1972).
2 5  G. H. Loew and S. Chang, Tetrahedron 27, 3069 (1971).
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of the polymer chain on the isocyanide carbon, which has become less 
electron rich. An electron deficient anti-bonding pi orbital on the 
isocyanide carbon participates in formation of the new carbon-carbon 
bond.
The reaction steps may be either sequential or concerted.
The kinetics of reactions carried out on palladium(II)-isocyanide 
complexes with amines26 are also consistent with a mechanism which 
involves a nucleophilic attack on the isocyanide group. Electron with­
drawing substituents on isocyanide and electron donating substituents 
on the attacking amine were found to increase the reaction rate.
From the literature it is known that coordinated carbon monoxide is 
also susceptible to nucleophilic attack on carbon2 7 " 31
Polyisocyanides are likely to accept the configuration of a tighthly 
coilex helix structure1,2. This requires a rigid transition state of propaga­
tion. The value of AS* is not decisive at this point.
The substituent effects we observed suggest that polymerization of 
isocyanides is subject to both steric and polar influences. In case of 
aryl isocyanides the reaction rate is increased by electron withdrawing 
substituents. The reverse seems to be true for alkyl isocyanides where 
the Taft equation is in line with an increase in rate with electron donation 
of the substituent.
The mechanism discussed above predicts that electron withdrawing 
substituents on coordinated isocyanide and electron donating substi­
tuents in the polymer chain increase the rate of polymerization. The 
mechanism is in agreement with the substituent effect we observed if in 
polymerization of aryl isocyanides the substituent effect in the monomer 
predominates over the effect in the polymer chain. In the polymerization 
of alkyl isocyanides the reverse is true if the observed Taft correlations 
are valid, which is subject to some discussion10.
Kinetic scheme1. Polymerization of isocyanide by Ni(Acac) 2 in sec- 
butanol can be described by the following kinetic scheme
Complex formation Ni(Acac) 2 + 2 RNC > 6
2<s B. Crociani, T. Boschi, A/. Nicolini and U. Belluco, Inorg. Chem. 11, 1292 (1972).
2 H. Werner, W. Beck and H. Engelmann, Inorg. Chim. Acta 3, 331 (1969).
2H M. Graziani, L. Busetto and A. Palazzi, J. Organometal. Chem. 26, 261 (1971).
24 H. C. Clark and W. J. Jacobs, Inorg. Chem. 9, 1229 (1970).
30 K. G. Caulton and R. F. Fenske, Inorg. Chem. 7, 1282 (1968).
31 J. E. Bvrd and J. Halpern, J. Amer. Chem. Soc. 93, 1634 (1971).
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k •
Initiation 6 ---► M f + Acac6
Propagation M®---—> m®+ j
m®+ j + R N C = ^  M n®+1
£
Termination M® , m® -I- Acace ---> . . .
M® represents an active catalyst, which has a monomer molecule and a 
polymer chain of n units in its ligand shell; m® is the same species but 
without a monomer molecule; kx, kp and k{ are rate constants for 
initiation, propagation and termination, respectively; Kx and Kp are 
dissociation constants.
Assuming a rapid coordination of isocyanide, the rate of disappear­
ance of monomer is given by v = — d[RNC]/dt = kp £[M®]. Ap­
plication of the steady-state treatment leads to7
V =  k M  rN i(A cac) 1 * [RNC] /  [RNC ] 2 V
\ k t)  ° Kp + [RNC] \ + [RNC]2J
[Ni(Acac) 2] 0 represents the total nickel concentration.
At high ratios of isocyanide to catalyst the equilibria in the scheme 
are to the right; thus probably [RNC] > Kp; [RNC ] 2 > Kx and the 
order in isocyanide will be zero. At low ratios of isocyanide to catalyst 
the equilibria shift to the left; [RNC] < Kp and [RNC ] 2 < and the 
order is two. In intermediate cases the apparent order is between zero 
and two.
In other solvents than ^e-butanol slight modifications of this scheme 
are necessary'.
Experimental part
The isocyanides and NiCl2(C2H 5OH)(r-C4H9NC) were prepared as described previ­
ously1,8. Nickel acetylacetonate, nickel chloride and nickel perchlorate were purified 
commercial products. Solvents were of Analar grade and dried and distilled before use.
Kinetic measurements were carried out in a thermostated vessel or in sealed ampules, 
placed in a thermostated bath. At regular intervals samples were drawn. The polymer was 
precipitated by centrifugation, the supernatant diluted tenfold with solvent and an 
infrared spectrum recorded in the range of 2400-2000 cm-1 on a Perkin-Elmer 457 
spectrometer; the reference cell contained solvent. Supernatants from reactions in
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ethanol and seobutanol were diluted with benzene to reduce the NC absorption of 
hydrogen-bonded isocyanide.
The concentration of isocyanide in solution was obtained from a calibration plot of 
extinction of NC stretching vibration versus concentration. Rate constants were cal­
culated by least squares analysis of the zero, first and second order reaction plots. In 
general the relative error in k values amounts to 5 %.
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